situation; for the reasons discussed earlier, developing an exact copy of a biologic agent is technically impossible (1-3, 5, 6) . For example, a 'follow-on' biologic agent will not be manufactured using an identical process to the innovator product, as this is proprietary knowledge (3, 7) . (See Kuhlmann and Covic (2) for a more detailed discussion of the protein science of biologics). These 'follow-on' biologics are therefore unique molecules, rather than identical generic copies of innovator biologics, and should be considered as such (3) . The European Medicines Agency (EMA) recognised this situation, stating that -'due to the complexity of biological ⁄ biotechnology-derived products the generic approach is scientifically not appropriate for these products' (5) -hence a new regulatory pathway was needed. The term 'biosimilar' was coined to refer to a product that is similar, but not identical, to the innovator biologic product (8) .
Previous authors have reviewed the manufacturing and approval process for biosimilars, speculating on what issues might arise once such agents are introduced (1, 3, 9, 10) . It is now 3 years since the first biosimilars were approved for use in Europe in the oncology ⁄ haematology setting. Such agents have increased the prescribing options open to physicians with regard to biologic medicines. In this article, we seek to make physicians aware of the general ongoing developments surrounding biosimilars and to highlight specific issues that are pertinent to their use in oncology clinical practice. The EMA states that the decision to treat a patient with an innovator or biosimilar medicine should be taken by a qualified healthcare professional (8) . Our intention is not to discourage physicians from considering the use of biosimilar products, but to highlight that they need to be informed on biosimilar products with regard to marketing authorisation, extrapolation, labelling, substitution and pharmacovigilance -in order to avoid complications and problems associated with this new product class in general and, more specifically, in oncology.
The regulation of biosimilars is an evolving process
The European Union (EU) has led the way in the regulation of biosimilars, responding to the patent and data protection expiry of several innovator biologic medicines in recent years (Fig. 2) . The approval of 'biosimilars' by regulatory bodies and coordinating authorities is a process that is still evolving -both in the EU and around the world.
European Medicines Agency
The EMA has established the first regulatory framework for assessing biosimilars. This is distinct from the process required for generics (11, 12) and less extensive than the process required for registration of a new biologic product (13) (14) (15) (16) or a new chemical product.
An overarching guideline defines the concept of biosimilars and sets out the 'comparability exercise' through which similarity between a biosimilar product and its reference innovator product must be demonstrated in order to gain regulatory approval (5) . The reference product must be an innovator product, which is already authorised in the EU, with a similar active substance. Pharmaceutical form, strength and route of administration should be the same as that of the reference product (5) . Comparability must be demonstrated in terms of quality, efficacy and safety (17, 18) . Comparability of quality is (92) assessed for the active substance and the finished medicinal product and must be demonstrated for analytical methods, physico-chemical characterisation, biological activity and purity of the similar biologic medicinal product (17) . Comparability of efficacy is assessed via non-clinical comparative in vitro and in vivo studies, and a repeat-dose toxicology study of sufficient length to allow detection of relevant differences in toxicity (18) . Comparable clinical efficacy is evaluated through a stepwise procedure beginning with clinical pharmacokinetic (PK) and pharmacodynamic (PD) studies, followed by 2-or 3-arm clinical efficacy studies; in certain cases, PK ⁄ PD studies alone may suffice (18) . Finally, clinical safety should be evaluated in comparative clinical studies assessing the adverse event profile and immunogenicity. Plans for postmarketing surveillance -pharmacovigilance and risk management -should be provided (18) .
The data requirements and studies necessary to demonstrate comparability differ between product classes and are laid out in specific guidelines for somatropin (19) , human soluble insulin (20) , interferon alpha (21), erythropoietins (22) , granulocyte colony-stimulating factor (23) , and most recently for biosimilar low molecular weight heparins (24) . Product classes currently under consideration for specific guidelines include recombinant follicle stimulation hormone, recombinant interferon beta and monoclonal antibodies (25) .
Food and Drug Administration
In March 2010, the US Congress passed legislation creating a legal pathway for biosimilars under the Patient Protection and Affordable Care Act, as part of the wider healthcare reform legislation (26) . The legislation providing an approval pathway for biosimilar biological products is outlined in section 'Title VII -Improving Access to Innovative Medical Therapies: Subtitle A -Biologics Price Competition and Innovation'. Biosimilarity is established where the biological product is highly similar to its reference product, notwithstanding minor differences in clinically inactive components, and there are no clinically meaningful differences between the biological product and the reference product in terms of the safety, purity and potency of the product. The Food and Drug Administration (FDA) will be responsible for reviewing applications for biosimilarity.
World Health Organization
The World Health Organization (WHO) has also recognised that the approach established for generic medicines is not suitable for development, evaluation and licensing of similar biotherapeutic products (SBPs) (27) . In April 2010, the WHO Expert Committee on Biological Standardization published final 'Guidelines on Evaluation of SBPs', as part of its mandate to assure global quality, safety and efficacy of biotherapeutics (27) . Similar to the EMA, the WHO advocates a stepwise approach for the licensing of an SBP that depends on demonstrated similarity in quality, non-clinical and clinical parameters to a suitable reference biotherapeutic product (RBP). The RBP must be an innovator product of similar active substance, with the same dosage form and route of administration, licensed on the basis of a full registration dossier.
The comparability exercise between the SBP and the RBP in the quality part represents an additional element to the 'traditional' full quality dossier. Non-clinical evaluation of new biotherapeutics normally encompasses a spectrum of PD, PK and toxicological studies. Clinical evaluation is also via a stepwise procedure, beginning with PK and PD studies followed by pivotal clinical tri- The WHO is also the coordinating authority responsible for assigning international non-proprietary names (INN) to identify pharmaceutical substances (28) . In September 2006, the WHO recommended against introducing distinctive INNs to indicate a biosimilar product, but acknowledged that INNs should not be relied upon as the only means of product identification for biologicals nor as the sole indicator of product interchangeability (29) . This has been incorporated into current guidelines and the WHO recognises that National Regulatory Authorities (NRA) need to define interchangeability and substitution of RBP with SBP and labelling and prescribing information. The WHO recommends that the SBP should be clearly identifiable by a unique brand name, which should be stated alongside the INN (27) . Furthermore, provision of the lot number is essential and critical for traceability in cases where problems are encountered. Prescribing information should be as similar as possible to that of the RBP, except for product-specific aspects, and if the RBP has fewer indications related text may be omitted. The NRA may choose to mention the SBP nature of the product and the studies that have been performed with the SBP and ⁄ or to include instructions for the prescribing physician on how to use SBP products (27) .
Other regulatory agencies in the world
In June 2006, the Australian Therapeutic Goods Administration adopted the European guidelines for registration and approval of biosimilars -allowing for the registration of a biosimilar medicine on the basis of the evaluation of an abbreviated quality and clinical dossier (30) . In the middle and near East, ongoing discussions have utilised EMA guidelines as the basis for recommendations (31) . The same is true of Canada, who in March 2010 published revised submission requirements for 'subsequent entry biologics' (SEB) that largely follow EMA guidelines (32) . Non-Canadian-licensed innovator products may also constitute the reference product, providing that the sponsor demonstrates a link to a biologic drug authorised in Canada to which the SEB will be subsequent (33) . The Japanese Ministry of Health, Labour and Welfare issued guidelines for the approval of biosimilars in March 2009 (34) . This process is separate to that for conventional chemical generic drugs, with a review process and data requirements more akin to those for new drugs (34, 35) . Biosimilar products should be clearly identified by brand name, and non-proprietary names should be followed by 'kozoku-1', meaning 'follow-on-1', and so on (34, 35) . In October 2009, Japan approved a somatropin human growth factor biosimilar (36) .
Oncology ⁄ haematology biosimilars approved in Europe
Erythropoiesis-stimulating agents Erythropoiesis-stimulating agents (ESAs) up-regulate red blood cell production and are indicated for the treatment of symptomatic anaemia in adult cancer patients with non-myeloid malignancies receiving chemotherapy. Two epoetin alfa (recombinant erythropoietin) products (Epogen Ò (Amgen, Thousand Oaks, CA, USA) and Procrit Ò (Centocor Ortho Biotech, Horsham, PA, USA)) received marketing approval in the United States in 1989. A third innovator epoetin alfa product Erypo Ò ⁄ Eprex Ò (JanssenCilag GmbH; Baar, Switzerland) is approved in Europe; ESAs are among the most widely used biologics (4). Two biosimilar epoetins were the first 'oncology' biosimilars to receive European marketing approval utilising the 'Similar Biological Medicinal Product' application (5). In both cases, the comparability exercise was performed in patients with anaemia associated with chronic renal failure, using epoetin alfa (Eprex Ò ) as the reference product. Supportive data from single-arm studies in patients with CIA were supplied for both products. It is particularly interesting to note that the data presented for approval in each of these two cases varied because of the rapidly evolving procedures for biosimilar approval during this period. Clinical PD data were not included in the dossier presented for SB309 epoetin zeta (37, 38) , as this was not required under guidelines at the time; whereas PD data from healthy volunteers formed part of the comparability exercise for the approval of HX575 epoetin alfa (39) (40) (41) . SB309 epoetin zeta and HX575 epoetin alfa are single molecules licensed to multiple marketing authorisation holders and marketed under several different names (Table 1) .
A recent assessment of the similarity of SB309 highlighted necessary caveats in the assessment of similarity in biosimilars (42) . The EMA recommends that similarity of potency to the innovator product is established within acceptable limits, for example those defined by the European Pharmacopeia as 80-125% (error limits 64-156%) for an in vivo bioassay. Thus, despite satisfying this requirement, differences in potency of biological products are probable. In the case of SB309, bioactivity (hence potency) has been shown to be 10% lower compared to the reference product epoetin alfa (Eprex Ò ) in patients with renal anaemia (42).
Granulocyte colony-stimulating factor
More recently, granulocyte colony-stimulating factor (G-CSF) filgrastim biosimilars have received approval; XM02 in September 2008 (43) (44) (45) (46) , EP2006 in February 2009 (47, 48) and PLD108 in June 2010 (49) . Filgrastim is a widely used biologic, over 7.7 million patients have been exposed to the innovator product Neupogen Ò (Amgen, Thousand Oaks, CA, USA) since it received marketing approval in 1991 (50) . In the EU, filgrastim is indicated in adults and children to shorten the duration of neutropenia and reduce the incidence of febrile neutropenia following receipt of cytotoxic chemotherapy (51) . It is also used to aid delivery of chemotherapy to maintain dose intensity and to support dose-dense chemotherapy (51, 52) . Filgrastim is also indicated to mobilise peripheral blood progenitor cells (PBPC) in both cancer patients and healthy donors and to support engraftment and neutrophil recovery after stem cell transplantation (51) . Outside the oncology setting, filgrastim is indicated for the treatment of severe chronic neutropenia (51, 53, 54) and to maintain neutrophil counts or reverse neutropenia in patients infected with human immunodeficiency virus (51) .
The comparability exercise for approval of the biosimilar filgrastim products XM02, EP2006 and PLD108 was conducted using filgrastim (Neupogen Ò ) as the reference product (Table 1) . XM02 is a single molecule licensed to multiple marketing authorisation holders and marketed under several different names (43) (44) (45) (46) . In accordance with EMA guidelines, comparability was assessed in a single indication for which Neupogen Ò is approved for the reduction of chemotherapy-induced neutropenia (CIN). Efficacy was assessed in a comparative study in breast cancer patients at high risk of CIN, and supportive studies provided safety data from CIN patients with lung cancer and non-Hodgkin lymphoma. The biosimilar filgrastim EP2006 is also a single molecule licensed to two marketing authorisation holders and marketed under different names (47, 48) . In contrast to XM02, the comparable efficacy of EP2006 was established on the basis of PK and PD studies in healthy adults, with a single-arm, non-comparative study in patients at high risk of CIN with breast cancer providing supportive safety data. PLD108 is a single molecule licensed to a single marketing authorisation holder (49) . Comparability with the reference product filgrastim (Neupogen Ò ) was assessed in breast cancer patients at high risk of CIN.
Biosimilars in oncology practice
Previous reports on biosimilars raised several issues surrounding their introduction into clinical practice (3, 9, 10, 55) . Given that biosimilar agents are now approved in the EU, these issues can be discussed more comprehensively on the basis of published data and regulatory documents. Issues specific to the introduction of the first biosimilar ESAs have been reviewed elsewhere (7). We would like to focus on biosimilars in oncology practice, where they are not used simply for the replacement of hormones (e.g. growth hormones, insulin) or the treatment of renal insufficiency (i.e. erythropoietin); but as supportive therapy for immunosuppressed patients receiving multiple cycles of cytotoxic therapy, or for healthy stem cell donors who obtain no direct therapeutic benefit from treatment.
In general, oncologists should be aware that the terms 'biosimilar', 'similar biotherapeutic product', 'subsequent entry biologic' or 'follow-on biologic product' refer to the same type of product. Furthermore, it is important to have a detailed knowledge of the characteristics of these products, including extrapolation, substitution, labelling, traceability, safety and immunogenicity. In the following sections, we will give an overview of these key points for each biosimilar product. 3 Single molecule XM02 licensed to multiple MAA holders. 4 Single molecule EP2006 licensed to multiple MAA holders. 
Extrapolation of indication in the EU
Extrapolation involves the approval of a drug for indications for which it has not been evaluated in clinical trials (3) . For the filgrastim biosimilars XM02, EP2006 and PLD108, extrapolation from data in healthy adults and CIN has allowed approval in all indications of the reference product (18, 23, (43) (44) (45) (46) (47) (48) (49) . Although fully compliant with current guidelines, extrapolation of data from one indication to another has raised some concerns, particularly with regard to the use of biosimilar filgrastim for PBPC mobilisation and transplantation (56) . In the European Public Assessment Reports (EPARs) for XM02, PBPC mobilisation was highlighted by the EMA as an 'area of uncertainty', because it is not known whether efficacy in CIN can be fully extrapolated to PBPC mobilisation (43) (44) (45) (46) . Following discussions with the EMA, XM02 was approved with routine pharmacovigilance for PBPC mobilisation (43) (44) (45) (46) . The risk-management plan for EP2006 specified additional follow-up of healthy adults who participated in a phase I study and 5-year follow-up of healthy stem cell donors in cooperation with aphaeresis centres (47, 48) . Similarly, potential risks to healthy stem cell donors were acknowledged in postapproval commitments for PLD108, which included plans for targeted questionnaires and long-term data collection, in addition to routine pharmacovigilance (49) . The European Group for Blood and Bone Marrow Transplantation, however, advised against use of biosimilar G-CSFs in unrelated healthy stem cell donors until efficacy and safety data have been collected in clinical trials in the autologous setting, encompassing an adequate number of stem cell mobilisation procedures with adequate follow-up (57) . No experience concerning extrapolation to special patient populations has been reported, as the biosimilar filgrastim products XM02, EP2006, and PLD108 have not been administered to children, patients with renal or hepatic insufficiency or patients with acute myeloid leukaemia (43) (44) (45) (46) (47) (48) (49) .
Substitution in the EU
Substitution of one product with another that has the same INN, by the pharmacist, is common practice with generic drugs, but is not appropriate with biologics. This has been clarified by several European institutions and agencies, including the EMA, which advises that the decision to treat a patient with a reference or biosimilar medicine should be taken following the opinion of a qualified healthcare professional (8) . As a consequence of their complexity, automatic substitution of biologics could give rise to different clinical consequences and should be ruled out for reasons of patient safety (9, 58) .
Measures to prevent automatic substitution (dispensing of generic drugs in place of prescribed innovator products by pharmacists without the knowledge or consent of the treating physician (3)) are already in place in several European countries, and other countries have taken steps to limit or prohibit substitution of innovators with biosimilars ( Table 2) . Substitution is also the subject of debate in other regions: in July 2010 Health Canada stated that it does not support automatic substitution of an SEB for its reference biologic drug as differences in manufacturing over time may lead to changes that affect drug products; Health Canada (59) therefore recommends that physicians make only well-informed decisions regarding therapeutic interchange. In the Middle East, it has been recommended that products should be clearly identified as biosimilars on the label (31).
Labelling
In order to maintain current standards of patient safety regarding the use of biologic agents, it has been suggested that distinct brand names, together with an adapted summary of product characteristics (SmPC), are used to identify both innovator and biosimilar agents (6) . Both biosimilar ESAs and G-CSFs have distinct brand names. The SmPC for biosimilar epoetin alfa and epoetin zeta include data from the reference product Eprex Ò SmPC; no biosimilar data are provided and, except for mention of the brand name, it is not clear that the product being described is a biosimilar (60) (61) (62) (63) (64) . The SmPC for the biosimilar filgrastim products XM02, EP2006, and PLD108 present data from the SmPC of the reference product Neupogen Ò . Comparability studies to a 'reference product' are mentioned, giving some indication that the product being described is a biosimilar; however, biosimilar data are not presented and extrapolated indications are not identified as such (65) (66) (67) (68) (69) (70) (71) . Healthcare professionals who are unfamiliar with the regulatory process for biosimilars may not be aware that the majority of the product information presented is not derived from the product under consideration.
Traceability
The traceability of biologics, including biosimilars, is important, as all these products have differences and biosimilars are not identical to innovators. The exact product prescribed should therefore be identified and identifiable to enable accurate pharmacovigilance (6) . In line with several other national regulatory authorities (30, 31, 35) and the WHO (27) , the EMA requests that the specific medicinal product given to the patient should be clearly identified (5) . In oncology ⁄ haematology, the biosimilar G-CSFs have the INN filgrastim, the same as the Table 2 Some EU countries which have taken specific measures to limit or prohibit substitution of innovators with biosimilars, in others current law prohibits automatic substitution of innovators with generics innovator product (43) (44) (45) (46) (47) (48) 51) . In contrast, biosimilar ESAs that used the same reference innovator product (Eprex Ò epoetin alfa) have been assigned two different INNs -with one product receiving the same INN as the innovator (39-41) and another being assigned a different INN epoetin zeta (37, 38) .
Safety and immunogenicity
Immunogenicity is the most important safety issue concerning all biosimilar products (1, 72, 73) . Analytical tests and clinical trials detect many, but not all, potential immunogenic responses; so postmarketing commitments and pharmacovigilance are critical (1, 73) . In oncology ⁄ haematology, biosimilar ESAs have additional postmarketing studies in their risk-management plan to address safety concerns such as pure red cell aplasia, thrombotic vascular events and tumour growth potential, as well as to monitor potential off-label subcutaneous use in renal anaemia patients (37) (38) (39) (40) (41) .
In contrast, the postmarketing programme for biosimilar G-CSFs differs between products. Routine risk management and a signal detection procedure for immunologic events are proposed for the biosimilar filgrastim XM02, although this is the first product for which extrapolated indications were granted (43) (44) (45) (46) . This risk-management plan was approved on the basis that immunogenicity data from comparative clinical trials indicated no significant group differences between cancer patients treated with biosimilar filgrastim and patients treated with the innovator reference filgrastim (Neupogen Ò ). Length of follow-up is important when assessing immunogenicity; however, the duration of follow-up for patients and healthy volunteers who received XM02 is not clearly stated in the product EPARs (23) . For the biosimilar filgrastim EP2006, a more extensive postmarketing programme is described, including a phase IV study, and cooperation with the severe chronic neutropenia registry, as well as aphaeresis centres to investigate its use for mobilisation in healthy stem cell donors (47, 48) . Some safety and potential immunogenicity differences between the biosimilar filgrastim PLD108 and its reference product (Neupogen Ò ) were reported in the product EPAR (49) . A higher incidence of bone pain and myalgia was observed with PLD108, this is addressed in the product label where bone pain is described as 'common' for the reference product and 'very common' for PLD108 (71) . As a potential higher risk of immunogenicity in individuals treated with PLD108 could not be excluded (a low number of patients treated with PLD108 had G-CSF antibodies), the risk-management programme proposed includes plans for targeted questionnaire follow-up of potential immunogenicity in addition to routine pharmacovigilance. Other postapproval commitments for PLD108 include targeted follow-up through the severe chronic neutropenia registry, specialised follow-up for long-term data and cooperation with international transplant centres.
In the United Kingdom, the Medicines and Healthcare products Regulatory Agency have marked the biosimilar ESA products epoetin alfa and epoetin zeta, and the biosimilar filgrastim products XM02, EP2006 and PLD-108 with a black triangle, which indicates these products should be intensively monitored in order to confirm their risk ⁄ benefit profile (74) . It should be noted that this scheme is not limited to biologics, but applies to all new medicinal products for which limited safety data raises concerns; such triangles would not be applied to a standard generic.
Summary and outlook
The introduction of biosimilars is a new development; because of inherent differences between biosimilars and innovator compounds, biosimilars undergo more thorough investigation than generic small molecule pharmaceuticals -but data and exposure remain limited compared with innovators. The regulation of biosimilars is a constantly evolving process, and the EMA has the most developed regulatory system for biosimilars. In the near future, the number of biosimilar medicines is likely to grow quite rapidly (Fig. 2) , with several first-generation agents coming off-patent in the EU by 2014. In the oncology setting, we could see the development of biosimilar interferons and possibly, depending on regulatory developments, monoclonal antibodies such as anti-EGFR and anti-CD20. Regulatory processes will undoubtedly be refined and adapted as experience with biosimilar agents grows.
Biosimilars bring additional prescribing options; however, it is important for healthcare professionals to know the differences between these agents and a standard generic. Information on biosimilars remains limited, especially among oncologists and haematologists, and needs to be addressed in detail. In contrast to other biosimilars, in this therapeutic area products are given to immunosuppressed patients (who are at higher risk of complications) and to healthy stem cell donors (who derive no therapeutic benefit) thereby requiring the prescribing physician to have a more comprehensive knowledge of biosimilars.
The first step involves accurate naming of the product class and particularly the specific product, as some biosimilar agents have already been given the same INN as their reference product. Furthermore, extrapolation of indication leading to authorisation plays a major role, particularly in mobilisation procedures. In the next step, the product prescribed (innovator or biosimilar) should be defined and used during the whole treatment, which normally involves multiple cycles of therapy. Substitution (of innovator for biosimilar or between biosimilars) should be avoided as much as possible by describing brand name and INN to ensure traceability. While some EU countries already had regulations in place to prevent automatic substitution of medicinal products, many more have acted specifically to prevent the automatic substitution of biologics. Special attention should be given to labelling and the product SmPC, which sometimes provide information on the innovator (reference) product, rather than the biosimilar product itself. Reporting complications after treatment, especially long-term complications, becomes an important issue in patients treated with complex protocols and multiple lines of therapy. Physicians, pharmacists and patients should be aware of both the new possibilities and the new challenges posed by biosimilars.
